Insulin-like growth factor I (IGF-I) is an important regulator of growth and differentiation and is a potent mitogen for human breast cancer cells. Recent investigations suggest an association between cytosine-adenine dinucleotide (CA) n repeat polymorphisms of the IGF1 gene and IGF-I levels and further evidence indicates that genotype may influence breast cancer risk. We assessed the relation between IGF1 (CA) n repeats and breast cancer, and evaluated modification of genotype effects according to traditional breast cancer risk factors in 1028 breast cancer cases and 1086 controls. An increased risk of breast cancer was seen for genotypes that included alleles with fewer than (CA) 19 repeats when compared to (CA) 19 repeat carriers, an association that was particularly strong among premenopausal women [odds ratio (OR) ¼ 3.31; 95% confidence interval (CI) ¼ 1. 47, 7.48] . No significant association was observed between an IGF1 genotype with no (CA) 19 repeat compared to (CA) 19 repeat genotypes in either preor postmenopausal women overall. However, when traditional breast cancer risk factors were considered, premenopausal women with genotypes that lacked a (CA) 19 repeat had a nearly 60% increased risk of breast cancer among those who had ever used hormonal birth control, while never users had a significantly reduced risk (P interaction ¼ 0.01). Among postmenopausal women, those with genotypes lacking a (CA) 19 repeat allele had significantly increased breast cancer risk among subjects with a lower than median body mass index (BMI) (OR ¼ 1.77 95% CI ¼ 1.09, 2.87), while no association for IGF1 genotype was seen among women with a higher than median BMI (P interaction ¼ 0.04). Our results demonstrate a role for alleles with fewer than (CA) 19 repeats as a risk factor for breast cancer and also suggest that several traditional breast cancer risk factors modify the association of the IGF1 (CA) 19 repeat genotype.
Introduction
Insulin-like growth factor I (IGF-I) is a member of the larger family of insulin-related peptides, which includes insulin and IGF-II, and is one of the most well-characterized growth factors (1, 2) . IGF-I is an important regulator of cellular growth, differentiation and apoptosis and works in conjunction with growth hormone (GH), insulin and sex steroids (3) . GH is the main regulator of IGF-I and the liver is the major source of circulating IGFs, however, there is evidence that IGFs are produced by many tissues, including breast tissue. The actions of IGFs are mediated through the IGF-I receptor (IGF-IR) which is expressed in almost all human cells (4) . The bioavailability of IGF-I is regulated not only by the circulating levels of IGF-I, but also by the circulating concentrations and tissue production of six IGF-binding proteins (IGFBP) (5) . IGF-I is a potent mitogen and there is increasing biological evidence that IGF-I plays an important role in several cancers including breast, colon and prostate (6) (7) (8) .
IGF-I levels can vary substantially among individuals and have been shown to be regulated in part by diet, lifestyle and anthropometric indices (9) (10) (11) . Nutrition and energy balance have an important influence on IGF-I levels which are decreased in energy-restricted diets and transiently increased with intense physical activity (12, 13) . However, the relationship between body mass index (BMI) and IGF-I has been less consistent and may be due in part to a non-linear association, with one report indicating the highest IGF-I levels occurring in subjects with a BMI between 24 and 26 (11) . Orally taken exogenous estrogen has been shown to decrease circulating IGF-I levels, possibly due to suppressed IGF1 gene expression in the liver (9) . Although estrogen has also been shown to interact with IGF-I to increase cell proliferation at the tissue level, particularly that of the breast (14) , evidence which is supported by results from several epidemiologic studies which have shown positive associations for breast cancer and circulating IGF-I levels, particularly among premenopausal women (7, 15, 16) .
Despite the number of factors that can influence IGF-I levels, it has been estimated that up to 60% of the variability has a genetic basis (17, 18) . A dinucleotide cytosine-adenine (CA) repeat in the IGF1 gene has been the focus of many recent studies because of its proximity to the promoter, 1kb upstream from the transcription start site (19) . The CA repeat is one of the most common forms among the naturally occurring repetitive DNA sequences and studies of other genes have suggested that number of CA repeats in the promoter region is inversely correlated with transcription activity (20, 21) .
Results from a recent cohort study of women may support this hypothesis, reporting a non-significant trend of decreasing IGF-I levels with increasing number of repeats (22) .
The examination of genetic markers that influence expression of IGF1 may be a better measurement of lifetime exposure to IGF-I than measuring circulating levels which may be affected by environmental exposures or disease status in case-control studies. Two recent studies have found an association between the number of IGF1 CA repeats and breast cancer risk (23, 24) , while others have not (22, 25) . We compared IGF1 genotypes in breast cancer cases and controls to investigate the hypothesis that the number IGF1 CA repeats is associated with breast cancer and evaluate whether other breast cancer risk factors modify the association with IGF1 genotype in the population-based Long Island Breast Cancer Study Project (LIBCSP).
Materials and methods

Study population
Data were collected from participants in the LIBCSP, a population-based casecontrol study of English-speaking residents of Nassau and Suffolk counties of Long Island, NY (26) . Case participants of the study were women with newly diagnosed in situ or invasive breast cancer from August 1, 1996, through July 31, 1997. Cases were identified using a rapid reporting system established by the study investigators specifically for the LIBCSP and were confirmed by the physician and medical records. Controls were women who were residents of the same two counties, frequency matched by 5-year age group to the expected age distribution of cases. Potentially eligible control women were identified by Waksberg's method of random digit dialing (RDD) (27) for those under 65 years of age, and by Health Care Finance Administration (HCFA) rosters for those of 65 years of age and older. The main questionnaire was completed by 1508 cases and 1555 controls, with an overall response rate of 82.1 and 62.7%, respectively.
The main questionnaire was administered in-home by a trained interviewer and took $2 h to complete. Reproductive and lifestyle information obtained from the main questionnaire includes pregnancy history, menstrual history, lifetime use of exogenous hormones, family history of cancer, body size changes, lifetime physical activity, smoking history, lifetime alcohol use and demographic characteristics. After completing the interview and an additional informed consent form, participants were asked to donate blood samples. From each participant, about 40 cc of blood was obtained (5 EDTA-treated lavendertop tubes). Of the 1102 (73.1%) blood samples collected from case women with a completed main interview, 32% were collected prior to the commencement of any major therapy (no mastectomy, no chemotherapy, no hormones, no radiation) and 77.2% were collected prior to the commencement of chemotherapy. The number of control women with a completed interview who donated a blood sample was 1141 (73.3%). Overall, there were 1038 cases and 1092 controls with available DNA for analysis.
Descriptive characteristics for the entire LIBCSP study have been published previously (26) . As reported, an increase in breast cancer among women on Long Island was found to be associated with lower parity, late age at first birth, little or no breastfeeding, a family history of breast cancer, and increasing income and education. However, those providing a blood sample differed from those who did not. White/other race versus black, ever alcohol users, ever hormonal replacement users, those who breast fed !6 months and subjects who ever had a mammogram were more likely to provide a blood sample, while smokers and older subjects were less likely to provide a blood sample (26) . Reassuringly, risk factors that were found to be associated with breast cancer in the entire study population (19) , were also observed in the subset of women who donated blood or for whom DNA was available (data not shown). This study included only women for whom menopausal status was able to be determined (96.7% of all subjects with available DNA), of which 34% were premenopausal [mean age ¼ 44.6; standard deviation (SD) ¼ 6.7] and 66% postmenopausal (mean age ¼ 64.3; SD ¼ 9.5). Ninety-three percent of the study participants were Caucasian.
Genetic analyses
Mononuclear cells were separated by Ficoll (Sigma Chemical Co., St Louis, MO) and washed twice with PBS. Pelleted cells were frozen at À80 C until DNA was isolated by standard phenol and chloroform-isoamyl alcohol extraction and RNase treatment.
Genotyping of the IGF1 gene CA repeats, located 1 kb upstream from the transcription start site, was carried out using previously described methods (19) . PCR were carried out in 50 ml volumes with 7.5 ng of genomic DNA using 125 nM of each primer (forward, 5 0 -GCTAGCCAGCTGGTGTTATT-3 0 and reverse, 5 0 -ACCACTCTGGGAGAAGGGTA-3 0 ), 100 mM dNTPs, 1.5 mM MgCl 2 , and 2.5 U of AmpliTaq Gold polymerase (ABI Applied Biosystems) and the manufacturer's standard buffer. Samples were processed through one cycle of 5 min at 95 C, 30 temperature cycles consisting of 1 min at 94 C (denaturation), 1 min at 64 C (annealing) and 1 min at 72 C (elongation), with the last elongation step lengthened to 10 min. The forward primer was 5 0 -labeled with HEX fluorescent dye for automated fragment analysis (ABI Applied Biosystems). The PCR amplified products were purified over QIAquick PCR purification columns (Qiagen), and mixed with loading buffer (80% formamide, 5 mM EDTA, 50 mg/mL Blue Dextran) and ROX GeneScan-350 size standard (ABI). After denaturing for 5 min at 95 C, the products were analyzed on 6% polyacrylamide Long Ranger gels in the ABI-377 automated sequencer. GeneScan Analyses 3.1 software (ABI Applied Biosystems) was used to automatically collect and measure the fluorescent products, size and intensity. The amplified fragments ranged in size from 176 to 200 bp, depending on the number of CA repeats within the amplified region.
Representative homozygotes for the (CA) 19 , (CA) 20 and (CA) 21 genotypes were sequenced to validate the number of CA repeats. For quality control purposes, laboratory procedures were completed with personnel blinded to case-control status. Positive and negative controls were included in every experiment and results were reviewed routinely by a second reviewer to permit early detection of inconsistent results. In addition, 214 blinded duplicates (10.1%) were repeated to validate procedures used to identify genotype. Concordance for the blinded duplicate samples was 100%. All genotype data results were read and entered twice to check for inconsistencies. There were 10 cases and 6 controls with failed genotype assays resulting in 1028 cases and 1086 controls available for the statistical analyses.
Statistical analyses
We used x 2 tests to determine if IGF1 genotypes were in Hardy-Weinberg equilibrium. Genotypes for this study were coded in a variety of ways based on results from previous studies of IGF1 genotype and breast cancer (22) (23) (24) (25) and those based on a possible inverse association with transcriptional activity found for CA repeats in the promoter region of other genes, although these gene expression studies for IGF1 have not yet been carried out. Genotypes investigated in other studies have generally been based on combinations with or without the (CA) 19 repeat allele. In this study, the IGF1 polymorphism was coded in five ways to provide comparability to other studies and to reflect proposed transcriptional activity dependent on allele length, with the (CA) 19 repeat homozygotes or heterozygotes as the referent genotype in most cases (see Table II for comparisons): (1) heterozygotes of the (CA) 19 repeat as one group and those with no (CA) 19 repeat as another compared to a (CA) 19 homozygous referent; (2) as reported in most analyses, having no (CA) 19 repeat was compared to those who had at least one (CA) 19 repeat; (3) having at least one allele with fewer than (CA) 19 repeats and the second allele being any size but (CA) 19 compared to those who carried at least one (CA) 19 repeat; (4) having at least one allele with greater than (CA) 19 repeats and the second allele being any size but (CA) 19 compared to those who carried at least one (CA) 19 repeat; and (5) total number of repeats on both alleles with cutoffs at 538 total (CA) repeats compared to !38 total (CA) repeats.
Odds ratios (ORs) and 95% confidence intervals (CI) were calculated using unconditional logistic regression models (28) using the statistical software package SAS version 8.1 (SAS Institute, Inc., Cary, NC). Logistic regression models were adjusted for the frequency-matching variable age (categorized into 5-year age-groups) and potential confounding variables family history of breast cancer (first degree/no first degree); reproductive factors such as age at menarche (512 years; 12 years; 13 years; 14þ years), parity status (nulliparous; 1 child; 2 children; 3 children; 4þ children), age at first birth among parous (522 years; 22-24 years; 25-27 years; 28þ years), and lactation history among parous (never lactated; 52 months; 2-5 months; 6-13 months; 14þ months); BMI (kilograms/meters 2 ) (518.5; 18.5 to 525; 25 to 530; !30) at reference (defined as date of diagnosis for cases and date of identification for controls). Confounders remained in the final models if their inclusion changed the estimate of exposure by 410%. Case-control analyses were conducted by menopausal status. Menopausal status was determined using information provided by the subject about the date of her last menstrual period, prior surgical information on hysterectomy and oophorectomies, cigarette smoking status and use of hormone replacement (26) . Postmenopausal status was defined as having a last menstrual period more than 6 months before the reference date or if she had both her ovaries removed before the reference date. For women with unknown menopausal status, women were categorized as postmenopausal based on the 90th percentile for age at menopause in the control population, calculated according to smoking status. A woman was categorized as 1GF1 Polymorphisms and Breast Cancer postmenopausal if her age at reference was !54.8 years of age if she was a smoker, and !55.4 years if she was a non-smoker. Subjects for whom menopausal status was unable to be determined was 3.2% and were excluded from analyses specific to menopausal status.
Interaction of IGF1 genotypes with known and suspected breast cancer risk factors was evaluated by adding cross-product terms to the logistic regression models and were evaluated using the likelihood ratio test (LRT). Multiplicative interaction was assessed using the LRT by comparing models including the cross-product term to a model containing only the main effects. Effect modification analyses were conducted according to menopausal status. Covariates a priori considered as potential effect modifiers because of their potential link to the IGF pathway (11, (29) (30) (31) (32) , included hormonal birth control (HBC) (ever use of birth control pills, shots or implants versus never), hormone replacement use (HRT) (ever use of estrogen or progestin containing pill, shot or skin patch versus never), BMI at reference (! median versus 5 median), lifetime physical activity levels (!3 h/week versus 53 h/week), lifetime alcohol use defined as at least one drink a month for 6 months or more (ever versus never), and active cigarette smoking defined as at least one cigarette a day for 6 months or longer (ever versus never). Interaction on the additive scale was evaluated by examining the excess breast cancer risk for the gene-environment interaction by estimating the interaction contrast ratio (ICR) (33) . For ease of presentation, IGF1 gene interaction results are shown as stratified models.
Results
Genotype frequencies were in Hardy-Weinberg equilibrium for both pre-and postmenopausal women (P 4 0.05).
The distribution of IGF1 alleles is shown in Table I . Alleles ranged in size from (CA) 11 to (CA) 23 . Approximately 65% of the study population carried the (CA) 19 repeat allele with 40% carrying two copies of this allele, comparable to allele frequencies reported in other Caucasian populations (9, 34) . Among premenopausal women, there was an inverse trend for case versus control (CA) n repeat frequency (P for trend ¼ 0.002), where cases had a higher frequency of alleles with fewer than (CA) 19 repeats than controls, while controls had a higher frequency of alleles with greater than (CA) 19 repeats than cases. There was no association among postmenopausal women according to IGF1 (CA) n repeat polymorphism distribution.
Odds ratios and 95% CI for IGF1 genotype groups and breast cancer are shown in Table II . Controlling for other traditional breast cancer risk factors did not appreciably change most estimates and therefore further reported results are adjusted for age only, except where noted. We did not observe any significant association with breast cancer among either pre-or postmenopausal women who did not carry an IGF1 (CA) 19 allele when compared to either the IGF1 (CA) 19 repeat homozygotes or heterozygotes in IGF1 genotype Groups (1) or (2), nor was any gene-dosage effect observed for decreasing number of the (CA) 19 repeat allele. When we We investigated whether the breast cancer association for IGF1 genotype Groups (1) and (2) differed by exposure to other known and suspected breast cancer risk factors among premenopausal women (Table III) . There was little evidence of heterogeneity of effects for most exposures. Although, for IGF1 genotype Group (2) subjects who had ever used HBC experienced about a 60% increase in breast cancer when they lacked a (CA) 19 repeat while those who had never used HBC had a significantly reduced risk of breast cancer when they lacked a (CA) 19 repeat (P for interaction ¼ 0.01). This association is based on small numbers, however, and should be interpreted with caution. Although not statistically significant, we also observed a several-fold increase in breast cancer among subjects with a family history of breast cancer for IGF1 genotypes that do not include a (CA) 19 repeat. When evaluated in a multiplicative model, the association was further strengthened when compared to women with no family history of breast cancer and who carried the common (CA) 19 repeat (OR ¼ 4.40; 95% CI ¼ 1.21, 16.1), although the interaction was not statistically significant (LRT P ¼ 0.15). 
1GF1 Polymorphisms and Breast Cancer
Among postmenopausal women, assessing modification of effects for IGF1 genotype with traditional breast cancer risk factors showed significantly increased risk for non-carriers of the (CA) 19 repeat among those lacking the risk factor in several characteristics (Table IV) . In stratified analyses we found that for women with a lower than median BMI, lacking a (CA) 19 repeat was associated with a nearly 80% increase in breast cancer risk (OR ¼ 1.77; 95% CI ¼ 1.06, 2.96), whereas there was no association seen for IGF1 genotype in those with a higher than median BMI. When evaluated on the multiplicative scale, significant interaction was seen between IGF1 genotype and BMI for risk of breast cancer (P for interaction ¼ 0.04). Similar associations were seen among women who had never smoked or had engaged in three or more hours of physical activity per week at baseline, although neither of these interactions were statistically significant. Increased associations were also seen for women who carried only one copy of the (CA) 19 repeat when compared to those with two copies among those who never used exogenous hormones and who had ever used alcohol.
Further assessment of effect modification for other IGF1 CA repeat genotypes also using the (CA) 19 repeat carriers as the referent showed that breast cancer associations were similar for most genotypes lacking a (CA) 19 repeat regardless of whether the genotype included alleles that had primarily 5(CA) 19 (Group 3) or 4(CA) 19 (Group 4), observations which were apparent for both pre-and postmenopausal women for most traditional breast cancer risk factors (data not shown). No effect modification was seen for genotype Group 5 (data not shown). Further analysis of IGF1 genotype according to estrogen receptor (ER) or progesterone receptor (PR) status showed no evidence of association among pre-or postmenopausal women (data not shown).
Discussion
This large population-based case-control study reports on whether the IGF1 promoter CA repeat polymorphism is associated with breast cancer alone or in combination with other breast cancer risk factors. These data support a role for IGF1 genotype in breast cancer occurrence particularly among premenopausal women. We observed evidence of an inverse association between number of CA repeats and breast cancer in premenopausal women, with a significantly increased breast cancer risk in those who carried IGF1 genotypes that included at least one short allele, defined as 5(CA) 19 . There was no significant overall relationship between the IGF1 (CA) n repeat polymorphism and breast cancer in postmenopausal women. These data also provide support for modification of the effects of IGF1 genotype by certain breast cancer risk factors primarily in postmenopausal women.
To date, several epidemiologic studies have examined the association between circulating IGF-I and breast cancer (7, 15, (35) (36) (37) (38) . Many of these investigations, including both cohort and case-control studies, have found higher levels of circulating IGF-I in cases than controls, with stronger and more consistent associations among premenopausal women (7, 15, 35) , although not all studies have shown an association (37, 38) . In vitro studies have suggested that IGF-I is a strong mitogen for breast cancer cell lines (39, 40) , and there is substantial evidence that IGF-I not only causes proliferation of breast cancer cell lines (41) , but also normal breast epithelial tissue (42) .
To our knowledge, four published studies have evaluated the association between breast cancer risk and the IGF1 (CA) n repeat polymorphism (22) (23) (24) 43) . Two recent case-control studies found increased breast cancer risk among those who carried the (CA) 19 repeat (24, 43) . It is unknown why results from these studies would be different from ours, although one explanation may be the ethnic composition of the study populations. One study population was primarily African-American (43) and the other was entirely Chinese women (44) . IGF1 genotype distribution has been shown to differ according to race and ethnicity, with both African-American and Asian populations carrying a much lower frequency of (CA) 19 repeat alleles than Caucasian populations (45) . The variation in allelic distributions could result in comparison groups with different genotypic compositions than those of the LIBCSP making a direct comparison of our results difficult to interpret. The Nurses' Health Study and the Caucasian subjects of the Hawaii/Los Angeles Multiethnic Cohort, however, showed similar genotype distributions as that of the LIBCSP and both studies reported no association for the (CA) 19 repeat genotype with breast cancer, results which are consistent with our findings (22, 23) .
Previous investigations of the IGF1 promoter CA repeat polymorphism have generally categorized IGF1 genotype with respect to whether a subject carried a (CA) 19 repeat allele or not. The categorization of the IGF1 genotype in this manner has shown inconsistent results for circulating IGF-I levels with reports showing levels being both decreased (9,46) and increased (47, 48) among those carrying a (CA) 19 repeat allele. The (CA) n repeat is one of the most common forms of naturally occurring repetitive DNA sequences and experimental studies of other genes have reported that these repeats in the promoter region may suppress transcriptional activity (20) , and indicate that the length of (CA) n repeats is inversely correlated with transcriptional activity, with up to a 5-fold decrease depending on the number of repeats (21) . The inverse association for transcriptional activity with number of (CA) n repeats has not been confirmed for the IGF1 gene, however this effect was suggested recently in results from the Nurses' Health Study which observed a slight, but insignificant trend (P ¼ 0.08) for increasing circulating IGF-I levels with decreasing number of (CA) n repeats (22) . The highest levels were detected in those subjects who were heterozygous for the (CA) 18 /(CA) 19 alleles (179 ng/ml) or homozygous for the (CA) 19 repeat allele (173 ng/ml), and the lowest levels in those who were homozygous for the (CA) 20 repeat allele (149 ng/ml) (22) . Similarly, we found a significant inverse association with breast cancer for increasing number of IGF1 (CA) n repeats among premenopausal women (P ¼ 0.002). Further, we found a 3-fold increase in breast cancer risk among premenopausal women who carried at least one 5(CA) 19 repeat allele compared to those who carried only alleles with !(CA) 19 repeats (genotype Group 3), findings that are consistent with the hypothesis of a functional relevance for the IGF1 (CA) n repeat promoter polymorphism. We did not, however, see an inverse association for women carrying alleles that were longer than (CA) 19 repeats, which may indicate a ceiling effect of IGF-I levels according to genotype or that a functional significance is limited to shorter repeats. Also of interest is that carriers of the 5(CA) 19 repeat allele genotype in combination with the common (CA) 19 repeat allele had breast cancer risks that were attenuated, suggesting that the (CA) 19 repeat possibly offers some protection from breast cancer. Meaningful analyses to investigate the impact of individual genotypes that included both alleles with 5(CA) 19 or with 4(CA) 19 repeats were not possible in the LIBCSP due to low numbers of subjects with those genotypes. Nor can we confirm whether higher circulating IGF-I levels are associated with shorter (CA) n repeats as IGF-I levels have not been measured in this study.
Although it is estimated that up to 60% of the variation in circulating IGF-I levels may have a genetic basis (17, 18) , the inter-individual variability may be due in part from exposure to certain environmental or endogenous agents that have the potential to influence expression of IGF1. The effect of oral contraceptives (OC) on breast cancer was reviewed in a recent large meta-analysis consisting of over 50 studies and reported a modest increased association of breast cancer with OC use (49) . There is also evidence which suggests that exogenous estrogen use may decrease circulating IGF-I levels in women who take them (50, 51) and that this effect may be modified by particular IGF1 genotypes (9). Jernstrom et al. (9) found that in a subgroup of premenopausal women who used OCs circulating IGF-I levels were decreased for those who carried a (CA) 19 repeat allele compared to those who did not (264 ng/ ml versus 315 ng/ml, P ¼ 0.03), while no difference in IGF-I levels was found according to IGF1 genotype among those who did not use OCs. Our analysis suggests a similar effect showing a modest, though not statistically significant, increased association for women who lack the (CA) 19 repeat compared to (CA) 19 repeat carriers among premenopausal women who use HBC. We also observed a strong inverse 1GF1 Polymorphisms and Breast Cancer association for (CA) 19 repeat allele non-carriers, although the analysis was based on only a few subjects. While these associations among premenopausal women are based on small numbers, the effect shows similarly increased risks among postmenopausal women for both HBC and HRT users. In contrast to premenopausal women, however, postmenopausal women who had never used exogenous hormones were observed to have increased risks for subjects who were noncarriers of a (CA) 19 allele, particularly those who had only one copy when compared to homozygous carriers of the (CA) 19 allele (Genotype Group 1). These findings suggest a protective effect for the (CA) 19 allele among ever users of exogenous hormones possibly through reduction of circulating IGF-I levels, while no protection was seen with this allele among never users.
Postmenopausal obesity is a well-established risk factor for breast cancer, as supported in a recent meta-analysis (52) . Some studies have shown that a higher BMI may be associated with reduced circulating IGF-I levels (31, 53) , possibly due to inhibition of IGFBP-1 and -2 in hyperinsulinemic states that occurs in obesity (54) . The reduction of these IGFBPs increase the amount of free IGF-I in circulation, which in turn sends negative feedback on GH-stimulated IGF-I production ultimately resulting in a decrease in total IGF-I levels (55). Our results from stratified analyses, restricted to women with a lower than median BMI, found a significantly increased risk for subjects who lacked a (CA) 19 repeat (OR ¼ 1.77; 95% CI ¼ 1.09, 2.87), while no breast cancer association was seen among women with a higher BMI (P for interaction ¼ 0.04). There is evidence, however, to suggest that the association of IGF-I with obesity in postmenopausal women may be non-linear, with the highest levels seen in a recent study among those with a BMI between 24 and 25 (56) . When we further evaluated the effect of not carrying a (CA) 19 repeat according to quintiles of BMI, we observed similar results with the highest risks among women with a BMI between 22.2 and 24.5 (OR ¼ 3.02; 95% CI ¼ 1.27, 7.18).
In summary, we report that IGF1 genotypes which include alleles with fewer than (CA) 19 repeats appear to be associated with an increased risk of breast cancer, particularly among premenopausal women. Our data also indicate that hormonal birth control use in premenopausal women may further increase risk among subjects who have genotypes that lack a (CA) 19 repeat. Postmenopausal women with exposures associated with reduced circulating estrogen and higher IGF-I levels may have further increased risks among subjects who carry genotypes that lack a (CA) 19 repeat. The suggestion that susceptibility to breast cancer attributed to IGF1 polymorphisms may be modified by other known and suspected risk factors such as obesity further supports the link between IGF-I and breast cancer risk. In light of the strength of the associations and the increased risks found among subjects with exposures that are considered to be low risk for breast cancer, further research is warranted to explore the potential underlying biologic mechanisms involved.
